The blood pressure of spontaneously hypertensive rats was controlled at low normotensive levels, using antihypertensive drugs for a 6-month period beginning when the rats were 3 months of age. Treatment was then withdrawn and the rats observed for an additional 4 months, until they were 13 months of age. Treatment with antihypertensive drugs arrested the progression of the hypertension and the secondary pathology for the duration of the treatment period. Following withdrawal of drugs the blood pressure did not rise to the level of the controls of a similar age, but rather it returned to the level that existed before treatment began and then progressed at the same rate that the controls exhibited when they were 3-7 months of age. Pathological changes were found only in controls. These results indicate that, although the tendency toward hypertension is inherited, its rate of development depends on environmental factors. The hypei tension can be arrested by chemotherapeutic interventions and can be aggravated by excessive salt. The hypertension appears to be a progressive time-dependent process but is independent of biological processes associated with aging per se. Finally, control of blood pressure prevents end-organ damage.
• The spontaneously hypertensive rat presents an experimental model which in many ways resembles essential hypertension in man (1) . One of the great advantages of this model is that the entire life history of the disease is compressed within a period of less than 2 years.
Clinically, in the treatment of patients with essential hypertension, it has been observed that, following prolonged reduction of blood pressure, the hypertension may regress to a much milder form or occasionally remit entirely for long periods (2, 3) . However, it has not been determined in man whether control of blood pressure prior to the appearance of the hypertension will alter the progression of the disease. This question is approachable, however, in the spontaneously hypertensive rat. We decided, therefore, to determine whether hypertension could be modified or prevented by treatment with antihypertensive drugs instituted before hypertension became established in the rat with spontaneous hypertension.
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Prior investigations by Iwaki and his associates (4) indicated that many antihypertensive agents were effective orally in reducing the blood pressure of the spontaneously hypertensive rat. Nagoaka et al. (5) found that hydralazine, reserpine, guanethidine, and alpha methyldopa were effective antihypertensive agents in the spontaneously hypertensive rat. In preliminary experiments we found that a combination of reserpine, hydralazine, and chlorothiazide given in appropriate doses effectively lowered the blood pressure of young spontaneously hypertensive rats and that this reduction could be maintained indefinitely without apparent toxicity to the animals.
Methods
The experiment was begun when the spontaneously hypertensive rats were 3 months of age, because at this time their blood pressures, as measured during recovery from ether anesthesia, were still normal and they were large enough to permit measurement of blood pressure easily by the tail method. The rats were randomly divided into treated and control groups. The treated group of 26 spontaneously hypertensive rats received a combination of reserpine, hydralazine, and chlorothiazide added to their drinking water, and the 22 control litter mates received only tap water without drugs. The concentrations of drugs in the drinking water for the 13 male rats were reserpine 1.4 mg/liter water, hydralazine 80 mg/liter, and chlorothiazide 1000 mg/liter. For the 13 females, who weighed less than the males, the above concentrations were halved. In occasional rats these doses were not sufficient to reduce blood pressure to the desired level; therefore, the concentration of chlorothiazide was doubled.
Drug treatment was continued for 6 months, until the rats were 9 months of age, and then was abruptly withdrawn. Both groups of rats were then observed for an additional 4 months, until they were 13 months of age. Then they were killed, tissues were fixed in formalin, and sections were taken for histological examination.
Blood pressure was measured in a warm room by the tail cuff method during recovery from light ether anesthesia beginning at the first sign of twitching of the fore whiskers or movement of the eyes and continuing until the animal was fully awake. A Statham P23Db strain gauge was used to record cuff pressure, and the arterial pulsations in the tail were detected by a mercury-in-rubbertubing Whitney resistance gauge which encircled the tail just distal to the cuff (6) . Recordings were made on a two-channel Hewlett-Packard direct-writing oscillograph. The average of three recordings of blood pressure taken at approximately 30-second intervals was used as the systolic blood pressure of the rat.
Plasma volume and thiocyanate space were determined. Following ether anesthesia the femoral vein was exposed and punctured with a 25gauge needle; 0.4 ml of blood was withdrawn into a 1-ml syringe and placed in a tube containing 0.4 ml of heparinized normal saline. The first syringe was then removed and replaced with a tuberculin syringe which contained 0.96 ml (25 mg) of thiocyanate solution mixed with 0.04 ml (0.2 mg) of T-1824 dye. Following injection of these indicators the needle was removed and hemostasis obtained by light pressure with a cotton-tipped applicator. A second 0.4-ml sample of blood was withdrawn after 10 minutes; both samples were centrifuged at 1105 g for 15 minutes, and 0.4 ml of diluted plasma was withdrawn and further diluted with 0.8 ml of normal saline. The concentration of T-1824 was read in a spectrophotometer at a wavelength of 620 m^,; after this reading 0.8 ml of the solution was removed, and the protein was precipitated with 0.8 ml of tricbloroacetic acid. After centrifugation 0.4 ml of the supernatant fluid was removed and mixed with 3.6 ml of 20$ trichloroacetic acid and 0.8 ml of 5% sodium ferricyanide solution. This mixture was read in the spectrophotometer at 510 n\fi. Optical densities of both T-1824 and thiocyanate were converted to concentrations, using calibrations obtained from standard curves prepared from known dilutions of these indicators.
Results
Mean changes in body weight and systolic blood pressure are shown in Table 1 . Control and treated rats were further subdivided into males and females because of the marked sex differences in both body weight and blood pressure in the rat.
Just prior to initiating treatment when the spontaneously hypertensive rats were 3 months of age, there were no significant differences in blood pressures between the control and experimental rats. In the control males the mean systolic blood pressure was 146.5 ±4.0 mm Hg (SE) as compared to 146.5 ± 4.8 mm Hg in the rats later subjected to treatment. Systolic blood pressure averaged 119.9 ± 4.6 mm Hg in the control females and CirctUtion R*st*rcb, Vol. XXXI, Jmij 1972 
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125.3 ± 3.7 mm Hg in the experimental females.
Marked differences in blood pressure were observed between control and experimental rats during the treatment period (Table 1) . Blood pressure rose continuously in the control group so that by the twenty-fourth week, when the spontaneously hypertensive rats were 9 months of age, systolic blood pressure averaged 174.3 ± 7.4 mm Hg in the males and 1553 ±4.1 mm Hg in the females. By contrast, the blood pressures of the treated rats fell progressively and at the twenty-fourth week averaged 93.5 ± 2.9 mm Hg in the males and 88.3 ± 1.2 mm Hg in the females.
The antihypertensive agents were abruptly discontinued in the treated spontaneously hypertensive rats at the twenty-fifth week. Over the first week following withdrawal of drugs, the blood pressure rose steeply from 93.5 ±2.9 mm Hg to 131.4 ± 6.1 mm Hg in the males and from 88.3 ±1.2 mm Hg to 124.7±2.0 mm Hg in the females (Table 1 ). It increased further over the succeeding 2 weeks to 147.6 ±5.1 mm Hg in the males and 133.8 ±5.1 mm Hg in the females. Following this rapid elevation the blood pressure rose more gradually, always remaining at a level considerably lower than that in the control animals. At the time the rats were killed 18 weeks after withdrawal of drugs (forty-third week of the study, Table 1 ) systolic blood pressure in the male rats averaged 200.5 ± 6.7 mm Hg in the controls and 163.8 ± 10.4 mm Hg in the experimental spontaneously hypertensive rats; in the females the blood pressures were 177.0 ± 10.7 mm Hg and 138.6 ± 4.9 mm Hg in the control and experimental spontaneously hypertensive rats, respectively.
Average blood pressures of males and females illustrate two interesting features of the response of the blood pressure in the treated animals in the period following withdrawal of drugs. First, average blood pressure did not rise to the level in the controls, rather it approximated the level that had existed 6 months previously, that is, before treatment began. Second, following this abrupt elevation, blood pressure rose more gradually over the succeeding 4 months at a rate comparable to that exhibited by the controls during the initial 4 months of the experimental period. Thus, over a period of 16 weeks, the blood pressure of the controls rose from 133.2 ± 4.2 mm Hg at 3 months of age (combined data for males and females) to 155.3 ± 3.6 mm Hg at 7 months of age. These blood pressure levels are strikingly similar to those exhibited by the treated spontaneously hypertensive rats after withdrawal of drug treatment. Two weeks after drugs were withdrawn, when the animals were 9 months of age, the average blood pressure of the experimental group of spontaneously hypertensive rats was 131.4 ± 6.1 mm Hg, and 16 weeks later it had risen to 155.1 ± 6.1 mm Hg. Thus, the blood pressure of the treated rats at 9 months of age not only returned to the same level that existed when they were 3 months old, but also it advanced over the succeeding 4 months at the same rate as that exhibited by the controls when they were 6 months younger than the treated spontaneously hypertensive rats.
Body weights of the control and experimental rats were insignificantly different throughout the course of the experiment. Drug-treated animals gained weight at the same rate as did the controls (Table 1) , except that the female treated spontaneously hypertensive rats gained somewhat more weight than did the control rats during the latter part of the study. Treated spontaneously hypertensive rats appeared alert and healthy throughout the period of observation.
FLUID VOLUME CHANCES ON WITHDRAWAL OF TREATMENT
Significant increases occurred in body weight, blood pressure, plasma volume, and thiocyanate space immediately after discontinuation of the antihypertensive drugs in the treated spontaneously hypertensive rats (Table 2). Measurements taken 1 week after discontinuation of treatment as compared to those taken on the last day of treatment revealed an average increase of 40$ in systolic blood pressure, 8% in plasma volume, 9.535 in extracellular fluid (thiocyanate) volume, and Ciraddiim Rtstsrcb, Vol. XXXI, Jmlj 1972 Values are means =*= *5 males, 6 females. f8 males, 7 females.
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2% in body weight Control animals showed no significant changes during this interval ( Table 2) .
PATHOLOGICAL CHANGES
Periarteritis nodosa-like lesions were found grossly in 75% of the control spontaneously hypertensive rats killed at 13 months of age. None were found in the treated animals which were killed at the same age. Histologically, there was fibrinoid necrosis of the intima and media with replacement of the media and adventitia by granulation tissue containing an infiltrate of inflammatory cells (Figure 1) in control rats.
The kidneys of the control spontaneously hypertensive rats exhibited granularity on the external surface and in cut section. Histologically, varying degrees of nephrosclerosis were seen with thickening of the media and intima of the arterioles. Fibrinoid necrosis was found in some of the arterioles. The arcuate arteries also were involved, exhibiting intimal proliferation, medial thickening, and chronic inflammatory cells in the adventitia. Thickening of Bowman's capsule was observed in 80% of the control spontaneously hypertensive rats and, less commonly, necrosis of all or a portion of the glomerular tufts was seen. Dilated tubules frequently containing proteinaceous material were commonly observed; often there were also focal infiltrations of inflammatory cells. None of these changes were present in the treated rats who were killed at 13 months of age.
Ctrcultwn KtiMrcb, Vol. XXXI, July 1972
The left ventricles of control rats were considerably hypertrophied in contrast to the normal appearance of the ventricles of treated rats (Figure 1 ). In addition, there were many focal areas of endocardial and myocardial necrosis and fibrosis indicative of microinfarcts in 60% of the control and, to a much lesser extent, in 5% of the treated rats.
Discussion
The present results indicate that antihypertensive treatment modified, rather than simply suppressed, the developing hypertension. If drug treatment had been suppressive only, the blood pressure of the treated rats would have increased to the level of their control litter mates after withdrawal of treatment. On the contrary, the blood pressure failed to reach the level of the controls and always remained at a level significantly lower than that of the controls.
In the treated rats the hypertensive process appeared to have been arrested for the 6month period of treatment. When treatment was discontinued the blood pressure of the experimental group of spontaneously hypertensive rats, who were then 9 months of age, rose to the same level exhibited by both control and experimental rats at 3 months of age. When the experimental group was 13 months of age they exhibited the same level of blood pressure that the control spontaneously hypertensive rats had shown at 7 months of age. Therefore, over the 6-month period of treatment the progression of the hypertension appeared to have been entirely arrested. Thus, 
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it appeared that when treatment was discontinued the hypertensive process simply resumed from the level existing at the time 6 months previously when the hypertension had been interrupted by treatment.
These results indicate that the age of the rat per se is not the important determinant of the level of blood pressure in spontaneously hypertensive rats. Biological processes associated with aging do not appear to play a role in the progression of the hypertension. Rather, the important factor appears to be the duration of the hypertension, which if uncontrolled proceeds to higher and higher levels by gradual increments.
The hypertension of the spontaneously hypertensive rats is genetically determined, but it appears to be subject to considerable environmental influence. The hypertension can be accelerated by excessive salt ingestion (7-9), or it can be arrested for the entire period of treatment with antihypertensive drugs. Thus, genetic and environmental factors appear to interact in determining the rate of development of hypertension in spontaneously hypertensive rats.
The failure of the blood pressure to rise to the level of the controls cannot be ascribed to ill health or poor condition of the treated rats. They gained as much weight as the controls from 9 to 13 months of age, were less subject to respiratory illnesses, and were as active or more active than the untreated controls, who at 1 year of age began to suffer from the consequences of hypertensive cardiovascularrenal disease.
It seems unlikely that any one of the antihypertensive drugs used in this experiment was a specific antagonist of the basic pathogenetic mechanism operative in spontaneous hypertension. And yet, the drugs appeared to act as if they affected the basic mechanism, since the hypertension was completely arrested during the period of treatment. Pathological changes associated with hypertension also were prevented. This suggests that, if treatment were begun even earlier and continued throughout the life of the rat, such a continuously treated spontaneously hypertensive rat would live as long or longer than a normal Wistar rat, and at death it would not exhibit any of the pathological stigmas seen in the untreated spontaneously hypertensive rats.
It also seems evident that the treated rats will provide a useful experimental tool in differentiating primary and secondary changes in the spontaneously hypertensive rat. If a biochemical or other observed abnormality is secondary to the hypertension, it should not be found if blood pressure is controlled with antihypertensive agents. However, if the observed abnormality is the primary congenital cause of the hypertension, it should remain present even when blood pressure is reduced.
